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TRANSISTOR OUTPUT CIRCUIT,
SEMICONDUCTOR DEVICE INCLUDING
TRANSISTOR OUTPUT CIRCUIT, AND
SWITCHING ELECTRIC POWER UNIT
HAVING TRANSISTOR OUTPUT CIRCUIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a transistor output circuit
for driving an output device according to an input signal, a
semiconductor device having the transistor output circuit
and a switching electric power unit having the transistor
output circuit.

2. Description of the Related Art

Various types of switching electric power units are con-
ventionally used for electronic devices, which require
another voltage except for power-supply voltage, such as
digital cameras, PC, PDA, cellular phones, motor drivers
and so forth.

FIG. § is a view showing a conventional example of the
constitution of a main circuit section 20 of a switching
electric power unit and a transistor output circuit (driver) 30
for driving the main circuit section 20. FIG. 6 is timing chart
of drive signals.

In this switching electric power unit, a high voltage can be
obtained when energy is accumulated in and discharged
from a inductor L by turning on and off a control transistor
Q.. The obtained high voltage is rectified by a diode D, and
smoothed by a capacitor C_, so that DC output voltage V,,
can be obtained.

For example, an input signal S;, such as PWM control
signal is inputted into the driver 30, and an output signal S_,,,
for turning on and off the control transistor Q,, is outputted
from the driver 30. The driver 30 includes a CMOS
(Complementary MOS) circuit, in which a P-type MOSFET
(hereinafter, PMOS) Q1 and an N-type MOSFET
(hereinafter, NMOS) Q2 are directly connected to output the
output signal S_,, a drive signal generating circuit 31 for
turning on and off the CMOS circuit according to the input
signal S,,, and inverters INV 1 to INV 4.

In order to eliminate or reduce a short circuit current
generated at the time of changing between ON and OFF in
CMOS circuit, it is necessary to shift a generation timing of
a positive side drive signal P, for driving the PMOS Q1 and
a generation timing of a negative side drive signal N, for
driving the NMOS Q2. Therefore, as shown in FIG. 6, the
width of the positive side drive signal P, is extended to
off-delay with respect to the width of the input signal S,,,
and the width of the negative side drive signal N_ is reduced
to on-delay, so that off-period T, while both the PMOS Q1
and the NMOS Q2 are turned off is formed so as to reduce
the short circuit current.

Although it is not a driver of the switching electric power
unit, there is provided a compound circuit in which an
NPN-type bipolar transistor for pull-up (hereinafter, NPN
transistor) and a PNP-type bipolar transistor for pull-down
(hereinafter, PNP transistor) are connected to the electric
power unit in series and these NPN and PNP transistors are
driven by CMOS circuit (for example, JP-B-3026840).

Japanese Patent No0.3028840 (Right column of page 3,
FIG. 30) is known as related reference.

However, in the case where the frequency of the input
signal S,, is low (for example, about 500 kHz), even when
a sufficiently long off-period T, is provided like the con-
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2

ventional case shown in FIG. 5, problems are seldom
caused. However, operating frequency of a switching elec-
tric power unit has been recently increased according to the
demand of reducing the sizes of parts to be used. When the
off-period T, is shortened in order to meet the demand, an
intensity of the short circuit current is increased. Further, an
output voltage of CMOS circuit is suddenly varied to an
upper and a lower limit in both cases of rising and falling,
and the switching wave-form becomes a substantial square
wave-form. Due to the increase in the short circuit current
and the square switching wave-form, electromagnetic noise
increases in respect of EMI (ElectroMagnetic Interference).

In the circuit described in Japanese Patent No.3028840, a
short circuit current, the intensity of which corresponds to
the driving capacity, flows in CMOS circuit to drive NPN
and PNP. The output signal S_,, to be outputted is limited by
voltage V,between base and emiter (about 0.6 to 0.7 [V])
of NPN transistor and PNP transistor. The voltage of the
output signal S_ , rises to only a potential that is lower than
the power-supply voltage by voltage V. In the same manner,
the output signal S_,, falls to only a potential higher than the
power-supply voltage by voltage V,

Therefore, a transistor switch driven by output signal S,
can not be completely turned off, so that a leakage current
flows to generate a loss. Further, there is a possibility that the
performance of a load device (for example, the main circuit
of the switching electric power unit) is deteriorated.
Furthermore, as a switching wave-form of the output voltage
is also a square wave-form, electromagnetic noise increases.

SUMMARY OF THE INVENTION

The object of the present invention is to provide a
transistor output circuit that enables to reduce electromag-
netic noise and provides a switching output signal which has
a sufficiently large amplitude by remarkably reducing the
short circuit current, increasing/ decreasing an output signal
to the power-supply potential/the ground potential, and
smoothly changing in the proximity of the power-supply
potential and the ground potential,.

Another object of the present invention is to provide a
semiconductor device including the transistor output circuit
and a switching electric power unit provided with the
transistor output circuit.

The present invention provides a transistor output circuit
having: a pre-driving circuit having a first CMOS circuit
driven by an input signal, which is connected between an
electric power unit and a ground; a main driving circuit
having an NPN-type transistor and a PNP-type transistor
driven by an output of the pre-driving circuit, which are
connected between the electric power unit and the ground in
series, and outputting an output signal from a series con-
nection point of the NPN-type transistor and the PNP-type
transistor; and an auxiliary driving circuit having a second
CMOS circuit driven by the input signal and a current limit
resistor for limiting an output current of the second CMOS
circuit, which are connected between the electric power unit
and the ground, wherein an output point of the auxiliary
driving circuit is connected to the series connection point.

Furthermore, the pre-driving circuit includes a first
resistor, a second resistor, and the first CMOS circuit having
a PMOS and a NMOS, in which the PMOS, the first resistor,
the second resistor, and the NMOS are connected in this
order between the electric power unit and the ground in
series, and outputs from a connection point of the first
resistor and the second resistor, and the current limit resistor
of the auxiliary driving circuit includes a first current limit
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resistor and a second current limit resistor, the second
CMOS circuit includes a PMOS and an NMOS , in which
the PMOS, the first current limit resistor, the second current
limit resistor, and the NMOS are connected in this order
between the electric power unit and the ground in series, and
the auxiliary driving circuit outputs from a connection point
of the first current limit resistor and the second current limit
resistor. Furthermore, at least one of the first current limit
resistor and the second current limit resistor has a plurality
of resistor elements in series and/or parallel.

Furthermore, a control transistor controlled to be turned
on and off by the output signal.

The present invention provides a semiconductor inte-
grated circuit having the transistor output circuit.

The present invention provides a switching electric power
unit having: a transistor output circuit including a pre-
driving circuit having a first CMOS circuit driven by an
input signal, which is connected between an electric power
unit and a ground; a main driving circuit having an NPN-
type transistor and a PNP-type transistor driven by an output
of the pre-driving circuit, which are connected between the
electric power unit and the ground in series, and outputting
an output signal being outputted from the a series connection
point of the NPN-type transistor and the PNP-type transis-
tor; and an auxiliary driving circuit having a second CMOS
circuit driven by the input signal and also having a current
limit resistor for limiting an output current of the second
CMOS circuit, which are connected between the electric
power unit and the ground, wherein an output point of the
auxiliary driving circuit is being connected to the series
connection point; and a main circuit section, which includes
a control transistor controlled to be turned on and off by the
output signal from the transistor output circuit, outputting an
output signal which voltage is converted from a voltage of
the electric power unit according to the operation of turning
on and off of the control transistor.

Furthermore, the pre-driving circuit includes a first
resistor, a second resistor, and the first CMOS circuit having
a PMOS and a NMOS, in which the PMOS, the first resistor,
the second resistor, and the NMOS are connected in this
order between the electric power unit and the ground in
series, and outputs from a connection point of the first
resistor and the second resistor, and the current limit resistor
of the auxiliary driving circuit includes a first current limit
resistor and a second current limit resistor, the second
CMOS circuit includes a PMOS and an NMOS, in which the
PMOS, the first current limit resistor, the second current
limit resistor, and the NMOS are connected in this order
between the electric power unit and the ground in series, and
the auxiliary driving circuit outputs from a connection point
of the first current limit resistor and the second current limit
resistor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a constitution view of the transistor output
circuit of the first embodiment of the present invention;

FIG. 2 is a wave-form diagram of the output signal of the
transistor output circuit shown in FIG. 1;

FIG. 3 is a constitution view of the switching electric
power unit of the second embodiment of the present inven-
tion;

FIG. 4 is a constitution view of the switching electric
power unit of the third embodiment of the present invention;

FIG. 5§ is a constitution view of the conventional switch-
ing electric power unit;
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FIG. 6 is a timing chart of the drive signal shown in FIG.
5.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring to the drawings, explanations will be made as
follows into a transistor output circuit, a semiconductor
device having the transistor output circuit and a switching
electric power unit having the transistor output circuit of the
present invention.

FIG. 1 is a view showing an constitution of a transistor
output circuit 10 of an embodiment of the present invention.
FIG. 2 is a view showing a wave-form of a output signal
S

out*

As shown in FIG. 1, the transistor output circuit 10
includes a pre-driving circuit (pre-driver) PRD, an auxiliary
driving circuit (assist circuit) ASS, and a main driving circuit
(main driver) MD.

Pre-driver PRD includes a P-type MOSFET (hereinafter,
PMOS) Ql1, a resistor R11, a resistor R12, and an N-type
MOSFET (hereinafter, NMOS) Q12 which are connected in
series between a electric power unit (power-supply potential
V,.) and a ground (ground potential V,, ). The PMOS Q11
and the NMOS Q12 configure a first CMOS circuit, and
input signal S,,, in which high level (H) and low level (L)
are alternately repeated, is supplied to each gate of the
PMOS Q11 and the NMOS Q12. An output of the pre-driver
PRD is obtained from a connection point of the resistor R11
and the resistor R12. Since the resistor R11 and the resistor
R12 are connected in series between the PMOS Q11 and the
NMOS Q12, these resistors work as current limit resistors to
limit a short circuit current flowing in the first CMOS circuit
and also to limit a value of a current outputted from the
pre-driver PRD.

The assist circuit ASS is a circuit to assist a driving
capacity of main driver MD. The assist circuit ASS includes
a PMOS Q21, a first current limit resistor R21, a second
current limit resistor R22, and an NMOS Q22 which are
connected in series between the electric power unit and the
ground. The PMOS Q21 and the NMOS Q22 configure a
second CMOS circuit, and input signal S;,, is supplied to
each gate of the PMOS Q21 and the NMOS Q22. An output
of the assist circuit ASS is obtained from a connection point
of the first current limit resistor R21 and the second current
limit resistor R22. The first current limit resistor R21 and the
second current limit resistor R22 adjust a capacity for
assisting a driving capacity of the main driver MD. In order
to adjust each resistance value of the first current limit
resistor R21 and the second current limit resistor R22, a
plurality of resistor elements are connected in series and/or
parallel in each current limit resistor R21, R22. In FIGS. 1,
3 and 4, an example in which three resistor elements are
connected in parallel is shown. Since the first current limit
resistor R21 and the second current limit resistor R22 are
connected in series between the PMOS Q21 and the NMOS
22, these resistors work as current limit resistors to limit a
short circuit current flowing in the second CMOS circuit.

Further, the assist circuit ASS assists the driving capacity
of the main driver MD to increase the output signal S_,,, to
the power-supply potential V. or to decrease the output
signal S, to the ground potential V.

The main driver MD includes an NPN-type bipolar tran-
sistor (hereinafter, NPN) Q31 and a PNP-type bipolar tran-
sistor (hereinafter, PNP) Q32 which are connected in series
between the electric power unit and the ground. An output
of the pre-driver PRD is supplied to the bases of the NPN

out
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Q31 and the PNP Q32 in common. According to that the
output is High level or Low level, either the NPN Q31 or the
PNP Q32 conducts.

A series connection point of the NPN Q31 and the PNP
Q32 is connected to an output terminal of the transistor
output circuit 10 and outputs the output signal S_,,. The
output signal S_ , is supplied to a load, which is connected
outside, such as a capacitor or a control transistor.

An output of the assist circuit ASS is supplied to the series
connection point of the NPN Q31 and the PNP Q32 or to the
output terminal of the transistor output circuit 10. Therefore,
the output from the assist circuit ASS is added to the output
from the main driver MD to be the output signal S_,,,.

The transistor output circuit 10 including the pre-driver
PRD, the assist circuit ASS and the main driver MD is
formed as a semiconductor integrated circuit device (IC).

Referring to FIG. 2, operation of the transistor output
circuit 10 shown in FIG. 1 will be explained below. The
input signal S,,, is supplied from a control circuit (not shown)
as a high/low level signal having a pulse width according to
a control state like PWM signal.

When the input signal S,,, is high level state, the PMOS
Q11 of the pre-driver PRD is turned-off state and the NMOS
Q12 is turned-on state. Therefore, the pre-driver PRD sup-
plies a low level signal to the main driver MD. Accordingly,
the NPN Q31 of the main driver MD is turned off and the
PNP Q32 is turned on. In order to turn on the PNP Q32, it
is necessary to supply a predetermined forward voltage V,
between the emitter and the base. Therefore, even when a
level of a signal inputted into the base is the ground potential
Vs> the potential of the emitter, that is, the output signal
S_,: does not decrease to a value not less than the forward
voltage V.

However, since the input signal S,,, is high level state at
this time, the PMOS Q21 of the assist circuit ASS is
turned-off state and the NMOS Q22 is turned-on state. Since
a sufficiently high potential is applied to the gate of the
NMOS Q22, the NMOS Q22 is completely turned on, and
an intensity of a flowing current is very low. Accordingly, an
output potential of the assist circuit ASS substantially
becomes zero, so that the output signal S_,, is decreased to
the ground potential V,, ;.

Next, when the input signal S;, changes from high level
to low level (t1 in FIG. 2), at first, the NMOS Q12 transits
from the ON state to the OFF state, and the PMOS Q11
transits from the OFF state to the ON state. In this process
of transition, both the PMOS Q11 and the NMOS Q12 are
in conduction to cause timing in which the short circuit
current flows. However, since the resistors R11 and R12 are
connected in series, an intensity of the short circuit current
is limited. The resistors R11 and R12 also work as current
limit resistors for limiting base current of the NPN Q31 and
the PNP Q32, which are of the current drive type, not to be
too high.

In the progress of this transition state, the base potentials
of the NPN Q31 and the PNP Q32 are increased, the PNP
Q32 is turned off, and the voltage between base and emitter
of the NPN Q31 exceeds the forward voltage Vf, so that the
NPN Q31 is turned on. When the state of transition
progresses and the base potentials of the NPN Q31 and the
PNP Q32 increase to the power-supply potential V__, the
output signal S, suddenly rises to a potential “V_ ~V,” that
is lower than the power-supply potential V__ by the forward
voltage V.

The NPN Q31 and the PNP Q32 are connected in series
and controlled by same input signal. Therefore, as both are
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6

not simultaneously turned on under the operational
principle, no short circuit current essentially flows.
Accordingly, there is no possibility that the switching fre-
quency is limited by the short circuit current.

However, when the main driver MD having the NPN Q31
and the PNP Q32 is only used, the upper limit and lower
limit of an amplitude of the output signal S, are limited by
the forward voltage V, In the present invention, since the
assist circuit ASS is provided, the problem that the ampli-
tude of the output signal S_, is limited can be solved, and
a change in an output can be smoothed. In this way,
electromagnetic noise interference reduces in respect of
EMLI.

In the assist circuit ASS, when the input signal S;,
changes from high level to low level (t1 in FIG. 2), the
NMOS Q22 transits from the ON state to the OFF state, and
the PMOS Q21 transits from the OFF state to the ON state.
In this process of transition, both the PMOS Q21 and the
NMOS Q22 are in conduction to cause timing in which the
short circuit current flows. However, since the first current
limit resistor R21 and the second current limit resistor R22
are connected in series, an intensity of the short circuit
current is limited.

In the progress of this transition state, since a circuit in
which the PMOS Q21 and the first current limit resistor R21
are connected in series is connected to the NPN Q31 in
parallel, the assist circuit ASS outputs little current, and
most of a current forming the output signal S_,,, is supplied
from the main driver MD. Accordingly, the output signal
S, suddenly rises. When the output signal S, reaches an
potential that is lower than the power-supply potential V_,
by the forward voltage V, the current supplied from the
NPN Q31 is stopped.

At this time, the PMOS Q21 of the assist circuit ASS is
completely turned-on state. Therefore, the output signal S_,,
gradually increases according to a current flowing via the
first current limit resistor R21 and reaches the power-supply
potential V.. In this meaning, the assist circuit ASS is an
auxiliary driving circuit to softly assist.

Next, when the input signal S;, changes from low level to
high level (12 in FIG. 2), in the same manner, the output
signal S_,,, which is at the power-supply potential V_,
suddenly decreases from the power-supply potential V__ to
the forward voltage V, by the main driver MD and then
gradually decreases to the ground potential V,,, by the assist
circuit ASS.

In the transistor output circuit 10, since BICMOS circuit
is used, no short circuit current generates in the main driver
MD. In the pre-driver PRD and the assist circuit ASS, as the
resistors R11, R12, R21 and R22 are respectively connected
to CMOS circuit in series, an intensity of the short circuit
current is remarkably reduced. Accordingly, it is possible to
reduce electromagnetic noise caused by the short circuit
current. Further, it is possible to increase the switching
frequency from 0.5 to 1 MHz, which is conventional, to 10
to 12 MHz.

Furthermore, since the assist circuit ASS configured by
CMOS is jointly used, the output signal S_, can be
increased and decreased to the power-supply potential V
and the ground potential V,,, ,, and the output signal S,,,,, can
be smoothly changed near the upper limit and the lower
limit. Therefore, an intensity of electromagnetic noise can be
further reduced and it becomes possible to supply a switch-
ing output having a sufficiently large amplitude.

Since the NPN Q31 and the PNP Q32 of the main driver
MD are respectively bipolar transistor, a required area of the
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transistor output circuit 10 in IC can be reduced as compared
with MOS. Further, a tolerated quantity of electrostatic
discharge damage can be improved.

The transistor output circuit 10 described above can be
used for not only a switching electric power unit but also a
device in which signals of high frequency of level H and
level L are widely used, for example, the transistor output
circuit 10 described above can be used for a controller.

FIG. 3 is a view showing an constitution of the switching
electric power unit of an embodiment of the present inven-
tion. This view shows an example of a switching electric
power unit including the transistor output circuit 10 shown
in FIG. 1 and a main circuit 20. The main circuit 20 has a
control transistor Q_, a inductor L_, a diode D,, and a
capacitor C,.

In the switching electric power unit, when the control
transistor Q,, is turned on and off by the output signal S_,,
from the transistor output circuit 10, energy is accumulated
in and discharged from the inductor L,, so that a high
voltage can be obtained. The obtained high voltage is
rectified by the diode D, and smoothed by the capacitor C,
so0 as to obtain DC output voltage V. The DC output voltage
V, is subjected to a constant-voltage control, in which
feedback voltage obtained by dividing the DC output volt-
age V_ is compared with a reference voltage (setting
voltage) and the pulse width of the input signal S, is
subjected to a PWM control according to the error. Con-
cerning the transistor Q_, not only NMOS but also PMOS or
electronic switches such as NPN and PNP can be used.

In this connection, the main circuit 20 shown in FIG. 3 is
a simple example. It can be widely applied to devices, by
which an output voltage can be obtained when an electric
power unit voltage is converted into the output voltage by
the switching operation of ON and OFF, such as a step-down
type switching electric power unit, a switching electric
power unit using a transformer, a charge pump type switch-
ing device and the like.

In the switching electric power unit, the control transistor
Q,, can be switched at a high frequency by the output signal
S, of the transistor output circuit 10. Therefore, the sizes
of the inductor L, of the main circuit 20 and the other
components can be reduced. Accordingly, the size of the
entire switching electric power unit can be reduced.

FIG. 4 is a view showing an constitution of the switching
electric power unit of another embodiment of the present
invention.

A transistor output circuit 10A shown in FIG. 4 includes
a control transistor Q,. In this case, the pre-driver PRD, the
assist circuit ASS, the main driver MD and the control
transistor Q, are formed as a semiconductor integrated
circuit device. In this case, compared with the main circuit
section 20, a main circuit section 20A includes components
except for the control transistor Q.

In the case shown in FIG. 4, the control transistor Q,, is
NPN-type bipolar transistor. In the case where a current
drive type transistor such as NPN or PNP is used, a protec-
tive resistor R, for limiting a base current, which is a drive
current of the transistor, is provided in the drive current
route. This switching electric power unit shown in FIG. 4
can provide the same effect as that of the device shown in
FIG. 3.

As explained above, the short circuit current is remark-
ably reduced by using BiCMOS circuit. Therefore, it is
possible to reduce electromagnetic noise caused by the short
circuit current. It is also possible to remarkably increase the
switching frequency compared with the conventional one.
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Furthermore, since the assist circuit ASS configured by
CMOS is jointly used, the output signal S_, can be
increased and decreased to the power-supply potential V
(upper limit) and the ground potential V,,, (lower limit),
and the output signal S, can be smoothly changed near the
power-supply potential V. and the ground potential V,,,.
Therefore, an intensity of electromagnetic noise can be
further reduced and it becomes possible to supply a switch-
ing output having a sufficiently large amplitude.

In the switching electric power unit explained above,
since the control transistor Q, is switched at a high
frequency, the size of the main circuit 20, 20A can be
reduced. Accordingly, the size of the entire switching elec-
tric power unit can be reduced.

What is claimed is:

1. A transistor output circuit comprising:

a pre-driving circuit having a first CMOS circuit driven by
an input signal, which is connected between an electric
power unit and a ground;

a main driving circuit having an NPN-type transistor and
a PNP-type transistor driven by an output of the pre-
driving circuit, which-are connected between the elec-
tric power unit and the ground in series, and outputting
an output signal from a series connection point of the
NPN-type transistor and the PNP-type transistor; and

an auxiliary driving circuit having a second CMOS circuit
driven by the input signal and a current limit resistor for
limiting an output current of the second CMOS circuit,
which are connected between the electric power unit
and the ground, wherein an output point of the auxiliary
driving circuit is connected to the series connection
point.

2. The transistor output circuit according to claim 1,

wherein

the pre-driving circuit includes a first resistor, a second
resistor, and the first CMOS circuit having a PMOS and
a NMOS, in which the PMOS, the first resistor, the
second resistor, and the NMOS are connected in this
order between the electric power unit and the ground in
series, and outputs from a connection point of the first
resistor and the second resistor, and

the current limit resistor of the auxiliary driving circuit
includes a first current limit resistor and a second
current limit resistor, the second CMOS circuit includes
a PMOS and an NMOS, in which the PMOS, the first
current limit resistor, the second current limit resistor,
and the NMOS are connected in this order between the
electric power unit and the ground in series, and the
auxiliary driving circuit outputs from a connection
point of the first current limit resistor and the second
current limit resistor.

3. The transistor output circuit according to claim 2,

wherein

at least one of the first current limit resistor and the second
current limit resistor has a plurality of resistor elements
in series and/or parallel.

4. The transistor output circuit according to claim 1,

further comprising:

a control transistor controlled to be turned on and off by
the output signal.

5. A semiconductor integrated circuit comprising the

transistor output circuit described in claim 1.

6. A switching electric power unit comprising:

a transistor output circuit including a pre-driving circuit
having a first CMOS circuit driven by an input signal,
which is connected between an electric power unit and
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a ground; a main driving circuit having an NPN-type
transistor and a PNP-type transistor driven by an output
of the pre-driving circuit, which are connected between
the electric power unit and the ground in series, and

outputting an output signal being outputted from the a 5

series connection point of the NPN-type transistor and
the PNP-type transistor; and an auxiliary driving circuit
having a second CMOS circuit driven by the input
signal and also having a current limit resistor for
limiting an output current of the second CMOS circuit,
which are connected between the electric power unit
and the ground, wherein an output point of the auxiliary
driving circuit is being connected to the series connec-
tion point; and

a main circuit section, which includes a control transistor 15

controlled to be turned on and off by the output signal
from the transistor output circuit, outputting an output
signal which voltage is converted from a voltage of the
electric power unit according to the operation of turn-
ing on and off of the control transistor.
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7. The switching electric power unit according to claim 6,
wherein

the pre-driving circuit includes a first resistor, a second

resistor, and the first CMOS circuit having a PMOS and
a NMOS, in which the PMOS, the first resistor, the
second resistor, and the NMOS are connected in this
order between the electric power unit and the ground in
series, and outputs from a connection point of the first
resistor and the second resistor, and

the current limit resistor of the auxiliary driving circuit

includes a first current limit resistor and a second
current limit resistor, the second CMOS circuit includes
a PMOS and an NMOS, in which the PMOS, the first
current limit resistor, the second current limit resistor,
and the NMOS are connected in this order between the
electric power unit and the ground in series, and the
auxiliary driving circuit outputs from a connection
point of the first current limit resistor and the second
current limit resistor.



